ABSTRACT: Hydrangea luteovenosa is a critically endangered plant species of Jeju Island in Korea, though it is widely distributed in western Japan. We isolated and characterized five microsatellite loci in this species. The number of alleles ranged from 3 to 27, observed heterozygosity from 0.27 to 0.86, and expected heterozygosity from 0.34 to 0.91. The markers described here will be useful for investigating the genetic diversity, genetic structure, and gene flow of H. luteovenosa, and the genetic findings would contribute to the establishment of effective conservation measures for this species in Korea.
. Although H. luteovenosa is common in Japan, it should be listed as a critically endangered plant species in Korea at regional level based on the criteria of IUCN (Kim, 2009 ) with a noticeably small size population. Only one population has been known in Seongneol-oreum region of Mt. Hallasan in Jeju Island (Moon et al., 2004; C. S. Kim, pers. comm.) . In conservation of endangered species with limited distribution like H. luteovenosa in Korea, it is important to understand the ecological status such as its breeding system and clonal distribution (Izuno et al., 2012) . At the same time, genetic information is also crucial for designing its management strategy because small sized population are likely to be vulnerable to the impact of genetic factors in extinction such as inbreeding depression and loss of genetic diversity (Frankham, 1995; Schwartz et al., 2007; Izuno et al., 2012) . Furthermore, microsatellite markers will provide effective genetic information with its high variability (Guichoux et al., 2011; Yun et al., 2011) . Therefore, we developed five microsatellite markers in order to understand current genetic status of critically endangered Korean H. luteovenosa comparing with Japanese populations.
Materials and Methods
We obtained samples from four populations of H. luteovenosa in Korea (Jeju Island) and Japan (Hyogo, Kagoshima, and Yamaguchi prefectures). Microsatellite markers were developed using the technique for isolating codominant compound microsatellite markers of Lian and Hogetsu (2002) and Lian et al. (2006) . An adaptor-ligated, restricted DNA library for H. luteovenosa was generated according to the following procedure: genomic DNA was extracted from silica-dried leaves using a modified CTAB method (Milligan, 1992) and digested with the blunt-end restriction enzyme EcoRV. The restriction fragments were then ligated with a specific blunt adaptor (consisting of the 48-mer: 5'-GTAATACGACTCACT ATAGGGCACGCGTGGTCGACGGCCCGGGCTGGT-3' and an 8-mer with the 3'-end capped with an amino residue: 5'-ACCAGCCC-NH 2 -3') using the Takara DNA ligation kit (Takara). Fragments were amplified by polymerase chain reaction (PCR) from the EcoRV DNA library using compound SSR primer (AC) 6 (TC) 7 and an adaptor primer (5'-CTATAGG GCACGCGTGGT-3'). The amplified fragments, ranging in size from 400 to 800 bp, were then separated on a 1.5% LO3 agarose gel (Takara) and purified using a QIAquick Gel Extraction Kit (Qiagen). The purified DNA fragments were cloned using the QIAGEN PCR Cloning plus Kit (Qiagen) following the manufacturer's instructions. The cloned fragments were amplified using the M13 forward and reverse primers from the plasmid DNA. Amplified fragments were sequenced using the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems). For each fragment containing a compound SSR sequence at one end, a specific primer was designed from the sequence flanking the compound SSR using Primer3 
Results and Discussion
In total, 170 cloned DNA fragments were screened in a H. T a = annealing temperature of primer pair, A = total number of allele for each locus. Takuya Ito, Shingo Kaneko, Masashi Yokogawa, Gwan-Pil Song, Hyeok-Jae Choi and Yuji Isagi luteovenosa genomic library. A total of 63 positive clones were sequenced, and primers were designed for 23 repeats.
From the 23 primer pairs tested five microsatellite loci were identified that showed a clear, strong single band for each allele ( Table 1 ). The polymorphism was evaluated for 143 individuals from four populations of H. luteovenosa in Korea (Jeju Island) and Japan (Hyogo, Kagoshima, and Yamaguchi prefectures) ( Table 2 ). The number of alleles per locus ranged from 3 to 27 with an average of 17.3 (Table 1 ). The observed and expected heterozygosities (H O and H E ) ranged from 0.27 to 0.86 and from 0.34 to 0.91 with an average of 0.49 and 0.71, respectively. Linkage disequilibrium between loci and deviation from Hardy-Weinberg equilibrium (HWE) were tested with FSTAT (version 2.9.3; Goudet, 1995) . Significance levels were adjusted using Bonferroni correction for multiple testing. There was no evidence of significant linkage disequilibrium (P < 0.05) for all pair of loci. However, we cannot check the deviation from HWE in Jeju population, because only two multilocus genotypes were observed through the whole data set (Table 2 ). Though locus Hlut170 was amplified in Jeju population, it was not amplified in most of the tested Japanese individuals, indicating the high frequency of null allele in Japanese populations (Table 2 ). In Hlut214 and Hlut234, significant deviation (P < 0.05) from HWE was observed in all the Japanese populations and in the Hygo population only, respectively, indicating the existence of null allele (Table 2 ).
In conclusion, all the microsatellite markers described here are expected to be useful in understanding the current genetic status of the only known Korean H. luteovenosa population in Jeju Island. The genetic results from the developed markers will therefore be helpful to develop effective conservation strategies for this species in Korea. In addition, three microsatellite markers of Hlut157, Hlut226, and Hlut234 are also practicable for investigating the genetic diversity, genetic structure, and gene flow among populations of H. luteovenosa in Korea and Japan. Although the other two markers (Hlut170 and Hlut214) are not useful in population genetic studies because of the existence of null alleles, it is expected to be useful in individual identification and in understanding the clonal structure of this species in Korea. 
